Introduction
============

Being highly relevant to longer hospital length of stay, increased costs, and morbidity, pneumonia remains a common but imperative issue of health care. Hospital-acquired pneumonia (HAP) is a pulmonary infectious disease that often develops in patients hospitalized for \>48 hours, whether in the intensive care units (ICUs) or in other wards.[@b1-tcrm-14-1863] Hospital-acquired pneumonia (HAP) occurs at a rate of 0.5%--1% in hospitalizations, being the second most common nosocomial infection in the USA.[@b2-tcrm-14-1863] HAP can dramatically increase the hospital length of stay and economic burden. Besides, mortality caused by pneumonia still remains high.[@b3-tcrm-14-1863] It has led to an overall mortality of 27%--51%, which is even poorer in the elderly.[@b1-tcrm-14-1863],[@b4-tcrm-14-1863],[@b5-tcrm-14-1863]

Among patients suffering from HAP, *Pseudomonas aeruginosa* (PA) is one of the most common pathogens found in the respiratory system.[@b6-tcrm-14-1863],[@b7-tcrm-14-1863] In the USA, PA was rated the second most common pathogen isolated (16.6%) in nosocomial pneumonias, according to the National Healthcare Safety Network 2009--2010.[@b8-tcrm-14-1863] In China, PA also ranks among the top pathogens identified from the lower respiratory tract, counting to 12.31% of nosocomial infectious cases from 2002 to 2004 and 13.37% from 2005 to 2007.[@b9-tcrm-14-1863]

More importantly, resistance to multiple drugs is emerging in PA-infected individuals, while the development of new antibiotics is relatively slow in recent years. Micek et al conducted a worldwide cohort study of HAP caused by PA, demonstrating a high prevalence of multidrug resistance (MDR) of 30.5%.[@b10-tcrm-14-1863] Because less antibiotics could be utilized on these patients, infection caused by MDR-PA indicated a high hospital mortality.[@b11-tcrm-14-1863] There are several risk factors being reported that could probably increase the infection of MDR organisms, like prior broad-spectrum antimicrobial treatment, immunosuppressive therapy, and long hospital or nursing room stay.[@b12-tcrm-14-1863],[@b13-tcrm-14-1863] In China, tending to apply a wide-spectrum antibiotic therapy is a nationwide phenomenon because of the delay in identification of microbiological pathogens and drug sensitiveness report. Thus, to well control the prevalence of MDR organism infection, the first step should be to identify the potential risk factors. With indicators predicting whether HAP patients are infected with MDR-PA or not, physicians would not only make a more appropriate clinical decision before the microbial report comes out but also might help reduce the incidence of MDR.

Though there are quite a lot of risk factors that have been demonstrated in other similar studies, most of them were related to the medical history, which sometimes would be forgotten or mistaken by patients, and it is also difficult to make a precise standard. On this ground, we conducted this investigation on the hospitalized patients with PA infectious pneumonia in southern China, and we found that other than some reported risk factors, neutrophil-to-lymphocyte ratio (NLR) also was highly correlated with the MDR-PA infection, which might work as a more intuitive and objective predictor of MDR-PA infection for HAP patients.

Patients and methods
====================

Participants
------------

All patients were admitted in the Third Affiliated Hospital of Sun Yat-sen University between January 2013 and December 2016. Patients who had a microbiological examination of at least one of the following respiratory specimens, including sputum, pleural fluid, flexible bronchoscopy with protected specimen brush, bronchoalveolar lavage, transbronchial biopsy, or tracheobronchial aspirate in intubated patients performed for diagnosed HAP were enrolled in this retrospective study.

Patients with the following conditions were included: 1) age \>14 years old; 2) new pulmonary infiltration occurring ≥48 hours after admission, new or progressing cough with/without sputum production, fever (\>37.8°C) or hypothermia (\<35.6°C), leukocytosis, left shift, or leukopenia based on local normal values.

Patients with the following conditions were excluded: COPD, bronchiectasis, diabetes mellitus, hematopathy, immunosuppressive disease, or receiving immunosuppressive therapy (chemotherapy, chronic usage of steroids, and autoimmune disease treatment). By following this standard, we eliminated the potential confounding factors in NLR analysis.

Bacterial identification was performed using standard methods.[@b14-tcrm-14-1863] Susceptibility test was conducted by the microdilution method (MicroScan system; Baxter Healthcare, West Sacramento, CA, USA). Results were interpreted according to the National Committee for Clinical Laboratory Standards guidelines published in 2012 (CLSI, 2012). In this study, MDR-PA was defined as PA resistant to at least one agent in three or more antimicrobial categories in the susceptibility test of isolates from patients with HAP. The antimicrobial categories used in this investigation were aminoglycosides, carbapenems, cephalosporins, gyrase inhibitors, penicillin+β-lactamase inhibitors, epoxide, and polymyxin.[@b15-tcrm-14-1863]

HAP patients caused by PA were divided into two groups for comparison: (1) MDR-PA HAP, and (2) non-MDR-PA HAP.

Data collection
---------------

Information prior to the date of PA infection was collected: prior endotracheal intubation, prior mechanical ventilation, prior ICU stay, antibiotic therapy in previous 90 days, initial inappropriate antibiotic therapy (IAT), and treatment admission in more than two departments in previous 30 days. In addition, age, gender, white blood cells, neutrophils, lymphocytes, monocytes, NLR, and hemoglobin (HGB) in peripheral blood, treatment response, and the 30-day mortality were recorded.

One or more of the following situations can be defined as a change of the managing department: patients moved from outpatient department or emergence room to inpatient department; patients moved from one specialty to the other for getting special treatment such as accepting continuous renal replacement therapy for acute kidney failure; patients moved from normal department to ICU for critical situation. The criteria of changing the treatment department in this study include no improvements of the initial symptoms after 72 hours' treatments; patients having organ failure need special treatments.

Initial IAT was defined as when the prescribed antibiotics given initially within 48 hours were not sensitive or active according to subsequent culture examination.

The antibiotic was regarded as effective according to the PA susceptibility test and two or more following clinical findings could be observed after 7-day antimicrobial therapy:[@b16-tcrm-14-1863] temperature \<37.5°C, respiratory rate ≤24 breaths per minute, heart rate \<100 beats per minute, systolic blood pressure ≥90 mmHg or more, oxygen saturation \>90% without oxygen supplement, normal mental status.

Ethical approval
----------------

The study was approved by the Institutional Review Board and the ethics committee of the Third Affiliated hospital of Sun Yat-Sen University. The ethics committee waived the need for informed consent as only deidentified patient data were used, and no human intervention was involved.

Statistical analysis
--------------------

Statistical analyses were performed with SPSS (version 20.0; SPSS Inc, Chicago, IL, USA). Continuous data such as age were presented as the mean and standard deviation (mean±SD) if normally distributed or the median and inter-quartile range if not. Categorical data such as gender were presented using frequencies and percentages. Continuous variables were compared by using the Mann--Whitney *U*-test or Student's *t*-test. Categorical variables were compared by using Pearson's chi-squared test or Fisher's exact test. Binary logistic regression was used to identify variables significantly associated with HAP caused by MDR-PA. The receiver operating characteristic (ROC) curve was applied to determine whether NLR is a well predictor for MDR-PA infection. Kaplan--Meier survival curves for MDR and non-MDR groups were compared using a log-rank test. All significance testing was two tailed, and *P*\<0.05 was considered statistically significant.

Results
=======

Clinical characteristics and baseline analysis
----------------------------------------------

Two thousand six hundred forty-five patients with positive microbial organisms detected at lower respiratory tract were identified, and 796 (30.1%) were with PA. Previous studies found that PA incidence rates were lower.[@b8-tcrm-14-1863] The reason is that PA colonization or causing community-acquired pneumonia (CAP) was collected on the first round. This study excluded patients with COPD, bronchiectasis, diabetes mellitus, and so on. Only 157 cases were included with an average age of 57.80±17.75 years ([Figure 1](#f1-tcrm-14-1863){ref-type="fig"}).

The median duration of hospitalization before infection was 8 days. Out of the 157 patients, 69 (43.9%) were infected with MDR-PA, 105 (66.9%) with prior endotracheal intubation, 68 (43.3%) with prior mechanical ventilation, 75 (47.8%) with prior ICU stay, 95 (60.5.9%) with treatment department changed in previous 30 days, 71 (45.2%) had received initial IAT, 73 (46.5%) had effective treatment, and 4 (2.5%) died within 30 days since HAP were diagnosed.

Clinical risks and survival analysis
------------------------------------

By comparison, there were significant differences on the following variables of the two groups: prior endotracheal intubation, prior mechanical ventilation, prior ICU stay in the preceding 90 days, initial IAT, treatment department changed in the preceding 30 days, low HGB level, and NLR ([Table 1](#t1-tcrm-14-1863){ref-type="table"}). In the multivariable analysis, the occurrence of MDR was found to be closely related to the following factors: IAT (*P*\<0.001, OR 0.103, 95% CI 0.044--0.244), treatment department changed in the preceding 30 days (*P*\<0.001, OR 0.186, 95% CI 0.072--0.476), and NLR (*P*=0.020, OR 0.911, 95% CI 0.843--0.985) ([Table 2](#t2-tcrm-14-1863){ref-type="table"}). The ROC curve also showed that NLR is a well predictor of MDR-PA infection in HAP patients (area under curve = 0.619, 95% CI 0.531--0.707, *P*=0.011) ([Figure 2](#f2-tcrm-14-1863){ref-type="fig"}). The outcome showed that the effective rates of antibiotic treatment within 7 days between these two groups were significantly different (*P*\<0.001, OR 4.163, 95% CI 2.142--8.483) ([Table 3](#t3-tcrm-14-1863){ref-type="table"}).

Except 33 patients with empirical treatment, 124 patients accepted an anti-PA therapy based on susceptibility tests in vitro. Among these 124 patients, 13 of 42 MDR-PA patients and 51 of 82 non-MDR-PA patients had effective treatment. The effective ratio of antibiotic treatment was significantly different (*P*=0.001, OR 3.670, 95% CI 1.698--8.198) between MDR-PA and non-MDR-PA in this study ([Table 4](#t4-tcrm-14-1863){ref-type="table"}). Survival analysis showed that MDR-PA patients had a lower 30-day survival than non-MDR-PA group (*P*=0.001) ([Figure 3](#f3-tcrm-14-1863){ref-type="fig"}).

Discussion
==========

PA is highly endemic in ICUs, where it causes urinary tract infections, bacteremia, and pneumonia.[@b17-tcrm-14-1863] It is the second most frequent pathogen in ICUs.[@b18-tcrm-14-1863] The carriage of PA in respiratory tract can increase under long ICU stays.[@b19-tcrm-14-1863]

In this study, we investigated several potential risk factors of MDR-PA infection, and we proved that lower NLR, IAT, and treatment department changing was strongly correlated to high risk of MDR-PA infection in HAP patients.

Among these tested risk factors, NLR was the less reported one. Though it has been demonstrated as a prognosis predictor in many infectious diseases, especially in bloodstream infections,[@b20-tcrm-14-1863]--[@b23-tcrm-14-1863] few have reported its role in predicting MDR-PA infection. Interestingly, we found that MDR-PA HAP group had lower NLR than the counterpart group. It is reported that the early hyperdynamic phase of infection is characterized by a proinflammatory state mediated by neutrophils and other inflammatory cells.[@b20-tcrm-14-1863] This systemic inflammatory response is associated with the suppression of neutrophil apoptosis, which augments neutrophil-mediated killing as part of the innate response.[@b24-tcrm-14-1863] Thus, NLR is often characterized by an increase in neutrophils and a decline in lymphocytes. While in our study, we found that the level of NLR in MDR-PA patients was not as high as in non-MDR group. One possible reason for this phenomenon is that the respective lower level of NLR may be attributed to less virulence of MDR-PA strain. Gómez-Zorrilla et al evaluated the relationship between pathogenicity and the resistance profile of different PA strains. The data indicated that MDR profiles were involved in an elimination of virulence in a murine model.[@b25-tcrm-14-1863] Though the virulence of MDR-PA decreases, because the patients with MDR-PA were usually in bad condition, the prognoses of these patients were still poor. Anyway, decline of NLR still could be considered as a convenient predictor for clinical physicians to determine whether patients are infected with MDR strain or not.

Other than NLR, we also found that initial IAT could contribute to the prevalence of MDR-PA infection. Similar conclusion has also been reported by several studies.[@b26-tcrm-14-1863]--[@b28-tcrm-14-1863] Although the development of resistance can occur naturally over time, but this course could be accelerated by the abuse of antibiotics.[@b29-tcrm-14-1863] MDR is like a vicious cycle, the more resistance exists, the more antibiotics will be used. Therefore, the usage of antibiotic should be more accurately targeted. After all, the development of new antibiotics is much slower than the process of drug resistance.

Apart from initial IAT, treatment department change is also common in China, while there were few studies focusing on the relationship between treatment department change and MDR-PA. In this study, most patients with MDR-PA had an experience of treatment department change before the date of MDR-PA diagnosis. It is probably because PA carried by the patients from the previous department was activated by the patients' deteriorated condition or IAT. Furthermore, patients changing to PA colonized or contaminated environment such as ICUs have more risks to become infected. Therefore, MDR-PA should be considered as the most possible pathogen for those new patients with treatment department record.

In previous studies, MDR-PA was reported to be associated with severe clinical outcomes, including 30-day mortality and length of hospital stay.[@b30-tcrm-14-1863],[@b31-tcrm-14-1863] In this study, we analyzed effective rate of antibiotic treatment and found that the MDR-PA group had worse result. It may owe to MDR-PA virulence, while some authors believed it was because of a higher rate of initial inappropriate therapy.[@b32-tcrm-14-1863]

Conclusions
===========

IAT, treatment department change in previous 30 days, and decline of NLR levels were significantly associated with HAP caused by MDR-PA. The antibiotic treatment had better effect on non-MDR-PA group than MDR-PA group based on in vitro susceptibility tests.
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###### 

Comparison between MDR-PA and non-MDR-PA HAP

  Characteristics                                      MDR-PA (N=69, 43.9%)   Non-MDR-PA (N=88, 56.1%)   OR      95% CI         *P*-value
  ---------------------------------------------------- ---------------------- -------------------------- ------- -------------- -----------
                                                                                                                                
  Age, year                                            57.20±17.63            57.90±18.70                --      --             0.815
  Sex/male                                             46 (66.7%)             66 (75.0%)                 --      --             0.253
  Duration of hospitalization before infection (day)   14.83±19.57            11.25±13.02                --      --             0.180
  Prior endotracheal intubation                        53 (76.8%)             52 (59.1%)                 0.436   0.216--0.880   0.021
  Prior mechanical ventilation                         36 (52.2%)             32 (36.4%)                 0.524   0.276--0.995   0.048
  Prior ICU stay                                       42 (60.9%)             33 (37.5%)                 0.386   0.202--0.737   0.004
  IAT                                                  53 (76.8%)             18 (20.5%)                 0.078   0.036--0.166   0.000
  Prior cephalosporin therapy                          36 (52.2%)             40 (45.5%)                 --      --             0.403
  Admission \>2 departments                            59 (85.5%)             36 (40.9%)                 0.117   0.053--0.259   0.000
  WBC (×10^9^ cells/L)                                 10.26±5.87             12.45±12.91                --      --             0.227
  Neu (×10^9^ cells/L)                                 7.91±5.03              8.75±4.42                  --      --             0.126
  LYM (×10^9^ cells/L)                                 1.87±0.83              1.30±1.57                  --      --             0.162
  Mono (×10^9^ cells/L)                                0.73±0.73              0.68±0.47                  --      --             0.082
  NLR                                                  7.06±5.72              10.21±8.32                 0.933   0.885--0.985   0.012
  HGB (g/L)                                            98.77±21.08            106.5±21.23                0.983   0.967--0.998   0.026
  Effect of antibiotic treatment                       19 (27.5%)             54 (61.4%)                 4.180   2.116--8.254   0.000
  30-day mortality                                     12 (17.3%)             2 (2.3%)                   --      --             0.805

**Notes:** Data were presented by median (interquartile range), numbers (percentage), or mean ± standard deviation (x±s) (continuous data). Continuous variables were compared using Student's *t*-test or Mann--Whitney *U*-test and categorical variables using Pearson's chi-square or Fisher's exact probability test. *P*-value \<0.05 is considered significant.

**Abbreviations:** HAP, hospital-acquired pneumonia; HGB, hemoglobin; IAT, inappropriate antibiotic therapy; ICU, intensive care unit; LYM, lymphocyte; MDR-PA, multidrug resistant *Pseudomonas aeruginosa*; Mono, monocyte; Neu, neutrophil; NLR, neutrophil-to-lymphocyte count ratio; WBC, white blood cell.

###### 

Multivariate analysis of risk factors associated with MDR-PA HAP

  Characteristics                       MDR-PA (N=69, 43.9%)   Non-MDR-PA (N=88, 56.1%)   OR      95% CI         *P*-value
  ------------------------------------- ---------------------- -------------------------- ------- -------------- -----------
                                                                                                                 
  Prior endotracheal intubation (day)   53 (76.8%)             52 (59.1%)                 --      --             0.617
  Prior mechanical ventilation (day)    36 (52.2%)             32 (36.4%)                 --      --             0.900
  Prior ICU stay (day)                  42 (60.9%)             33 (37.5%)                 --      --             0.806
  IAT                                   53 (76.8%)             18 (20.5%)                 0.103   0.044--0.244   0.000
  Admission \>2 departments             59 (85.5%)             36 (40.9%)                 0.186   0.072--0.476   0.000
  NLR                                   7.06±5.72              10.21±8.32                 0.911   0.843--0.985   0.020
  HGB (g/L)                             98.77±21.08            106.5±21.23                --      --             0.164

**Notes:** Data were presented by median (interquartile range), numbers (percentage), or mean ± standard deviation (x±s) (continuous). Continuous variables were compared using Student's *t*-test or Mann--Whitney *U*-test and categorical variables using Pearson's chi-square or Fisher's exact probability test. *P*-value \<0.05 is considered significant.

**Abbreviations:** HAP, hospital-acquired pneumonia; HGB, hemoglobin; IAT, inappropriate antibiotic therapy; ICU, intensive care unit; MDR-PA, multidrug resistant *Pseudomonas aeruginosa*; NLR, neutrophil-to-lymphocyte count ratio.

###### 

The prognosis associated with MDR-PA HAP

  Characteristics                  MDR-PA (N=69, 43.9%)   Non-MDR-PA (N=88, 56.1%)   OR      95% CI         *P*-value
  -------------------------------- ---------------------- -------------------------- ------- -------------- -----------
                                                                                                            
  Effect of antibiotic treatment   19 (27.5%)             54 (61.4%)                 4.263   2.142--8.483   0.000
  30-day mortality                 2 (2.9%)               2 (2.3%)                   --      --             0.653

**Notes:** Data were presented by numbers (percentage). Categorical variables were compared using Pearson's chi-square or Fisher's exact probability test. *P*-value \<0.05 is considered significant.

**Abbreviations:** HAP, hospital-acquired pneumonia; MDR-PA, multidrug resistant *Pseudomonas aeruginosa*.

###### 

Comparison based on in vitro susceptibility tests

  Characteristics                       MDR-PA (N=42)   Non-MDR-PA (N=82)   OR      95% CI         *P*-value
  ------------------------------------- --------------- ------------------- ------- -------------- -----------
                                                                                                   
  Effect of antibiotic treatment        13 (31.0%)      51 (62.2%)          3.670   1.698--8.198   0.001
  Aminoglycosides                       14 (33.3%)      75 (91.5%)          --      --             \<0.001
  Carbapenems                           29 (69.0%)      70 (85.3%)          --      --             0.032
  Cephalosporins                        26 (61.9%)      65 (79.3%)          --      --             0.038
  Gyrase inhibitors                     23 (54.8%)      68 (83.0%)          --      --             \<0.001
  Penicillin + β-lactamase inhibitors   33 (78.6%)      69 (84.1%)          --      --             0.442
  Epoxide                               13 (31.0%)      60 (73.2%)          --      --             \<0.001
  Polymyxin                             42 (100%)       81 (98.8%)          --      --             \>0.999
  30-day mortality                      2 (4.8%)        2 (2.4%)            --      --             0.488

**Notes:** Data were presented by numbers (percentage). Categorical variables were compared using Pearson's chi-square or Fisher's exact probability test. *P*-value \<0.05 is considered significant.

**Abbreviation:** MDR-PA, multidrug resistant *Pseudomonas aeruginosa*.
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